Background: The impact of chronic obstructive pulmonary disease (COPD) severity on survival after curative resection of early-stage lung cancer (NSCLC) has not been sufficiently elucidated. Methods: We retrospectively reviewed 250 consecutive patients who underwent lobectomy with lymph nodal dissection for pathological stage I-II NSCLC. Results: Among the COPD patients, 28 were classified as Global Initiative for Chronic Obstructive Lung Disease (GOLD) 1, 21 as GOLD 2, and one as GOLD 3. The cumulative overall survival (OS) of the non-COPD, GOLD 1, and GOLD 2-3 groups at five years was 90.7%, 85.7%, and 55.3%, respectively, (P < 0.0001), while recurrence-free survival (RFS) between the groups at five years was 84.7%, 80.7%, and 72.9%, respectively. Although RFS in the GOLD 2-3 group tended to indicate a poor prognosis, there was no statistical difference between the groups (P = 0.385). In multivariate analysis, age ≥75 years, pN1, and GOLD 2-3 COPD were independent factors for a poor prognosis (P = 0.034, P = 0.010, and P = 0.030, respectively). Conclusions: Our results indicate that early stage NSCLC patients with COPD had a significantly increased risk of poorer OS and potentially an increased risk of poor RFS.
Introduction
Lung cancer is the most commonly diagnosed cancer and the leading cause of cancer related death in men worldwide. 1 Cigarette smoking is the primary risk factor for developing lung cancer and the most common risk factor for developing chronic obstructive pulmonary disease (COPD), which is the fourth leading cause of death globally, occurring in 30% of patients with lung cancer. 2, 3 COPD and emphysema are comorbid conditions often found in lung cancer patients. COPD is also a significant risk factor for lung cancer. 4, 5 Epidemiological surveys reveal that patients with COPD have an approximately fivefold higher risk of developing lung cancer than that of smokers without COPD, regardless of age and smoking status. [6] [7] [8] Although the association of COPD with lung cancer risk is well established, the impact of COPD on survival in early lung cancer patients is relatively less well known. Recently, a number of studies have found that early stage non-small cell lung cancer (NSCLC) patients with COPD who underwent surgical resection had increased risks of poor overall survival (OS) and recurrence-free survival (RFS). 9, 10 However, the effect of COPD severity on survival after resection of early lung cancer has not been sufficiently elucidated. The aim of this study was to investigate the impact of COPD severity on survival outcomes of patients who underwent lobectomy with lymph nodal dissection for early stage NSCLC.
Methods

Patient selection
We retrospectively reviewed 294 consecutive patients with pathological stage I-II NSCLC who underwent lobectomy with systematic lymph node dissection at our hospital from Thoracic Cancer 9 (2018) [19] [20] [21] [22] [23] [24] January 2010 to December 2014. We excluded 13 patients who had received preoperative chemotherapy, radiotherapy, or both; 15 patients who had undergone non-curative resection and had macroscopic or microscopic evidence of residual cancer; and 16 patients without a smoking history or spirometry data. Consequently, we enrolled the remaining 250 patients in this study.
Definitions
The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines recommend that spirometry should be performed after administration of a short-acting inhaled bronchodilator to minimize variability such as asthma; 2 however most medical records documented that spirometry had been performed without an inhaled bronchodilator in a practice setting. Patients with a smoking history and a ratio of forced expiratory volume in one second (FEV1) to forced vital capacity of less than 70% were classified as COPD patients.
11 GOLD spirometry grades were used to classify the severity of airflow limitation: GOLD 1 (mild), FEV1 ≥ 80% predicted; GOLD 2 (moderate), 50% ≤ FEV1 < 80% predicted; GOLD 3 (severe), 30% ≤ FEV1 < 50% predicted; and GOLD 4 (very severe), FEV1 < 30% predicted. 2 Patients who had never smoked and smokers without COPD were designated as the non-COPD group.
Data collection
Preoperative evaluation included physical and blood examinations, chest radiography, and computed tomography (CT) of the chest and abdomen. Brain CT or magnetic resonance imaging and positron emission tomography (PET)-CT scans were performed if clinically indicated. Staging and pathological findings for lung cancer were determined according to the 7th Tumor Node Metastasis (TNM) Classification for Lung and Pleural Tumors 12 and the World Health Organization classification. 2 All patients were followed-up at our hospital every six months for five years, and annually thereafter on an outpatient basis; our aim was to continue follow-up for five years or more. General follow-up procedures included physical examination, chest radiography, and blood examination (including serum tumor markers). CT scans of the chest and upper abdomen were routinely performed in every scheduled outpatient department for follow-up. Whenever any symptoms or signs of recurrence were detected, brain magnetic resonance imaging and/or PET-CT were performed. If metastasis was discovered after physical examination and diagnostic imaging, histologic or cytologic confirmation of the metastatic site was performed when clinically feasible. Metachronous second primary lung cancer was discriminated from a solitary pulmonary metastasis using the proposed criteria of the American College of Chest Physicians Lung Cancer Guidelines. 13 The hospital charts of all patients were reviewed to collect clinicopathological data, including age, gender, smoking history, histologic type, tumor size, OS, and RFS. OS was determined as the duration from the date of surgery until the date of death from any cause, with surviving patients at the end of follow-up treated as censored cases. RFS was defined as the duration between the date of surgery and the date of lung cancer recurrence or death from any cause. Patients living without evidence of recurrence at the end of the follow-up period were regarded as censored cases. The institutional review board of our hospital approved the protocols for data collection and analyses. The requirement for informed consent from the patients was waived because of the retrospective study design.
Statistical analysis
Summary statistics were constructed using frequencies and proportions for categorical data, and means for continuous data. Patient characteristics were compared by chi-square test or Fisher's exact test for categorical outcomes for continuous variables, as appropriate. OS and RFS were estimated using the Kaplan-Meier method, and survival differences between patient groups were determined using log-rank analysis. P values and hazard ratios in the multivariate analyses were calculated using the Cox regression model. P values of <0.05 were considered to indicate a statistically significant difference. All statistical calculations were performed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA).
Results
Patient characteristics
The characteristics of the patients enrolled in this study are listed in Table 1 . Among the 139 smokers, 50 were diagnosed with COPD. Among the COPD patients, 28 were classified as GOLD 1, 21 as GOLD 2, and one as GOLD 3. Male patients, squamous cell carcinoma, and positive smoking history were more frequent in the COPD group than in the non-COPD group. The frequencies of all other pulmonary complications tended to be higher in the COPD groups, but no statistical difference was observed. No patients died postoperatively during the hospital stay.
Survival
The median follow-up for all 250 patients was 44 months (range 6.0-84.0). Sixteen patients (8.0%) in the non-COPD group, four patients (14.3%) in the GOLD 1 group, and eight patients (36.4%) in the GOLD 2-3 group died during the study period. Thirty patients (15.0%) in the non-COPD, five patients (17.9%) in the GOLD 1 group, and nine patients (41.0%) in the GOLD 2-3 group experienced primary lung cancer recurrence. Table 1 shows the recurrence patterns in each group, but no significant difference between the groups was observed (P = 0.309). The cumulative OS rates of the non-COPD, GOLD 1, and GOLD 2-3 groups at five years were 90.7%, 85.7%, and 55.3%, respectively, (P < 0.0001) (Fig 1) , while RFS rates in these groups at five years were 84.7%, 80.7%, and 72.9%, respectively (Fig 2) . Although RFS in the GOLD 2-3 group tended to indicate poor prognosis, there was no statistical difference between the groups (P = 0.385).
Prognostic factors
In univariate analysis, male gender, age ≥75 years, pT2-3, pN1, non-adenocarcinoma, and GOLD 2-3 COPD were associated with poor OS (P = 0.008, P = 0.032, P = 0.023, P = 0.001, P < 0.0001, and P < 0.0001, respectively). In multivariate analysis, age ≥75 years, pN1, and GOLD 2-3 COPD were independent prognostic factors for poor survival (P = 0.034, P = 0.010, and P = 0.030, respectively) ( Table 2) .
Discussion
Although the biological mechanisms through which COPD may influence NSCLC prognosis are obscure, our results are biologically consistent with current theories and previous study results. The inflammatory pathways associated with COPD, emphysema, and lung cancer likely involve genetic and epigenetic modulations resulting in chronic tissue injury and remodeling, and abnormal tumor immunity in susceptible hosts. 14 Increasing oxidative stress in COPD may stimulate DNA damage, which causes carcinogenesis. 15 Indeed, somatic mutations in oncogenes, such as p53, Ras, EGFR, and PTEN abound in the bronchial epithelium of smokers. COPD is also associated with abnormal apoptosis and cell cycle regulation, which is a critical mechanism implicated in NSCLC prognosis. 16 Consequently, COPD also plays an important role in the carcinogenesis and progression of lung cancer. Additionally, COPD itself has been associated with clinical comorbidities, which may adversely affect the survival outcomes in patients with coexisting NSCLC. Current studies report that COPD is a negative predictive factor for survival after complete resection of stage IA lung cancer because of high recurrence. 18, 19 The present study shows that GOLD 2-3 COPD is an independent poor prognostic factor for OS in stage I-II lung cancer patients. Unfortunately our result was not statistically significant for RFS. However, the poorer long-term survival in patients with GOLD 2-3 COPD because of a higher incidence of tumor recurrence demonstrated in our series was consistent with previous reports. 9, 18, 19 Because of the small sample in this study, our results may not clearly demonstrate the survival impact on RFS. However, the RFS curve seemed to indicate that moderate to severe COPD correlates with poor survival, even in early stage lung cancer patients, while mild COPD does not create a similar risk.
Increased COPD severity was more frequent in men, older patients, smokers, and non-adenocarcinoma patients. These factors might be explained by the following: smoking-induced inflammatory response contributes to the development of COPD and squamous cell carcinoma, and age reflects cumulative exposures throughout life. These factors also seemed to introduce bias in our results.
Patients undergoing pulmonary resection for lung cancer with COPD are thought to be at increased risk of short-term complications and surgery-related death. The correlation of COPD severity with the incidence of cardiopulmonary complications after surgery has been demonstrated in previous studies. 18, 19 Therefore, several investigators have recommended therapeutic options to reduce the risk for COPD patients undergoing lung cancer surgery such as perioperative administration of a long-acting bronchodilator and prevention of postoperative cardiopulmonary complications. 20, 21 Although postoperative morbidity of patients with COPD was higher than those without COPD in this study, there was no difference in hospital mortality between the groups. Additionally, recent studies have shown that postoperative complications (especially pulmonary complications) were a significant predictor of cancer recurrence. 22 COPD patients had an increased risk of postoperative respiratory complications in our series, but the result was not statistically significant. There was no correlation between cancer recurrence and postoperative complications in our series, likely a result of our small sample.
This retrospective study has some limitations. The main limitation of this study, and of other studies of this type, is that we are unable to distinguish whether COPD is in the causal pathway for NSCLC prognosis or whether both COPD and NSCLC are related to an underlying exposure or molecular mechanism. Second, although GOLD recommends only post-bronchodilator spirometry, we made a diagnosis of COPD based only on smoking status and airflow limitations without administration of an inhaled bronchodilator, taking clinical signs and symptoms into account. However, we believe this definition is acceptable in a retrospective study because smoking is the primary risk factor for COPD, accounting for approximately 85-90% of COPD deaths. 19, 23 Lastly, the current study is a retrospective, single-institute study with a small sample size. Further prospective, multi-institutional investigations and substantial clinical studies are warranted for the detailed evaluation of survival correlations between COPD and early stage operable lung cancer.
We retrospectively reviewed 250 consecutive patients who underwent lobectomy with lymph nodal dissection for early stage NSCLC to investigate the impact of COPD severity on survival outcomes. Our results suggest that patients with COPD had increased risks of poor OS and some effect was made on RFS in patients with early stage NSCLC undergoing surgical resection.
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